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• 3000+ miles 
shoreline 
 
• 2500 miles 
Puget Sound 
 
• Development 
is shoreline 
focused 
 
 
Magnitude of problem 
4 
Culverts 
5 
Intertidal Structure Types 
Bridges 
6 Intertidal Structure Types 
Tide Gates 
7 
Intertidal Structure Types 
Adjustable Tide Gates 
8 Intertidal Structure Types 
Control Structures 
9 Intertidal Structure Types 

So  why does this matter 
11 
• Tidal crossings are located lowest in stream 
and river systems 
• Have the potential 
to impact 
significant habitat 
• Work is happening now to improve these 
habitats 
12 
Current Assessment 
Criteria 
• Developed for riverine 
systems 
• Based on adult 
salmonids 
• No specific provisions 
for marine and 
intertidal systems. 
 
Current Design 
Guidelines 
• Appendix D of Washington State 
Water Crossing Design Guidelines 
• Current riverine criteria may not be 
appropriate for intertidal sites 
• Essentially recommends to create 
the biggest opening possible within 
the constraints of the project 
including budget. 
• Not very helpful for both the 
regulatory and design community. 
13 
Tidal hydrology 
• Bi-Directional flow 
• Consistently regular and repetitive. 
• Tidal hydrology is uniquely tamable. 
• Even the biggest of floods are predictable and 
can be dealt with by modifying infrastructure. 
• Riverine hydrology is much different. 
• Combination hydrology creates a 
compounding impact. 
14 
Tidal Datum 
15 
Westport Station 9441102 Datum (NAVD 88).   
Subtract 2.94 for local tidal datum MLLW = 0. 
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Percent Exceedance 
Tidal Value and Percent Exceedance for 
selected Washington reference stations 
Astoria Aberdeen Pt. Townsend Seattle
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Barrier Assessment and 
Duration of Impassability 
• First things first how, when and why do we call 
a structure a barrier? 
• Are current riverine criteria appropriate? 
 
27 
Duration of compliance 
• It is also common that for some duration 
during the tidal cycle that the crossing is fully 
compliant with the assessment parameters 
and could freely pass fish if they were present 
and volitionally chose to navigate the 
structure.  The appropriateness of using this 
period as an indicator of passability should be 
considered when making a final determination 
of barrier status.  
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Effects on habitat quality 
• Changes in hydrologic regime affect habitat in 
the vicinity of intertidal crossings. 
• Vegetation 
• Water quality (salinity, temp, DO, pollutant 
transport, etc.) 
• Volumetric exchange 
• Debris passage (seed dispersal, woody 
material, seaweed rafts, etc.) 
• Many other observable impacts (ie, 
submergence, sediment transport and 
shoaling etc.) 33 
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Understanding fish use and 
behavior 
• Do current structures affect the fishes ability 
to volitionally migrate within the intertidal 
habitats? 
• Do fish move with the incoming tide? 
• Do they swim against ebb in attempts to 
migrate upstream? 
• Are they behaviorally affected by physical 
changes in hydrology and landscape at the 
crossing structures? 
 
39 
Understanding fish use and 
behavior 
• When where and why do the fish move? 
• What species and age class utilize areas that 
incorporate intertidal crossings? 
• These questions need to be answered prior to 
developing engineering assessment and 
design guidelines. 
 
40 
Conclusions 
• Barrier assessment protocols are necessary 
• Design guidelines for replacement of intertidal 
crossings. 
• Understanding of fish use and behavior 
41 
